The purpose of the study was to compare the 24-hour-recall method with the seven-day food-frequency questionnaire to estimate the dietary intake of vitamin A. Thirty-three women from a pert-urban neighbourhood in (Guatemala City were interviewed using both methods with a sevenday interval. The reproducibility of the results was analysed at both the individual and group levels. The 24-hour-recall method gave consistently higher average values for vitamin A intake, but the median was higher with the frequency method. The correlation coefficients between the repeated interviews were r = .49 for food frequency and r = -.07 for 24-hour-recalls. Diagnostic classification with the two methods was in good agreement at the 750-retinolequivalents cut-off criterion for adequacy of vitamin A intake, but fell progressively as sequentially lower cutoffs were applied.
Introduction
Guatemala is a country with a long history of hypovitaminosis A [1] [2] [3] . For that reason, there is an interest in defining the population's intake of vitamin A. Two of the various approaches to this are the 24-hour-recall method and the food-frequency questionnaire. On a population basis, it is accepted that both can provide a reasonable estimate of central tendency (i.e., mean, median) and of variance (i.e., standard deviation, range) [4] [5] [6] , but there is serious concern about their ability to provide a reliable estimate for the individual [7, 8] . Dietary intake is not constant from day to day, making a single 24-hour recall subject to being unreliable and non-representative of the person's long-term consumption [7, 8] . In theory, foodfrequency assessment would encompass more dietary experience, and its average, expressed on a per day basis, should provide a more stable estimate. In a recent dietary survey conducted in a pert-urban neighbourhood of Guatemala City, we examined the within-individual and inter-method reproducibility of estimates of vitamin A intake, which is believed to be the most variable of all nutrient intakes [9] [10] [11] [12] .
Population and methods

Population
This research was part of a larger inquiry into dietary vitamin A intake, intestinal parasitosis, biochemical indices of vitamin A status, and haematology of pregnant women in the low-income, marginal, perturban settlement of Guajitos on the southern edge of Guatemala City. The control group consisted of 46 nonpregnant neighbours, 14-69 years old. All the women spoke Spanish, and their literacy rate was about 77%.
Food-frequency estimate of vitamin A-rich food
The intake of vitamin A from foods rich in this nutrient over the previous seven days was estimated using a foodfrequency questionnaire [13] . This instrument listed 39 food and beverage items from the Guatemalan urban diet, and the subjects were asked how many servings of each item they had consumed in the last seven days. These were converted into standard portions and the corresponding value for vitamin A activity, expressed in retinol equivalents (RE), using the Food Composition Tables for Use in Latin America [14] and Central American food tables [15] . A seven-day tabulation of vitamin A intake was derived, and this was divided by 7 to provide an estimate of average daily intake.
24-hour-recall estimate of vitamin A intake
A history of intake of all foods and beverages consumed at meals and snacks in the previous 24 hours was elicited. The field team consisted of two research nutritionists and two research physicians who were trained in the procedure. The recall began with the last meal consumed and proceeded backwards for 24 hours. An estimate of portion sizes in common household measures was requested, and actual recipes were recorded for complex foods such as soups, stews, and casseroles. Portion sizes were converted to volumes and weights in grams and then into multiples of standard units. The corresponding values for vitamin A activity, expressed in RE, from the same food composition tables [14, 15] were applied to portion sizes.
Field procedures
The interviews were conducted from September to November 1987. Our intention was to apply both instruments to a given subject on the first day of study. and then again seven days later. This would have generated two 24-hour recalls and two food-frequency estimates at a seven-day interval. In practice, it was possible to obtain the full complement of data from only 33 subjects. The same research interviewer worked with the same subject throughout the study.
Data analysis
Descriptive statistics-arithmetic means, standard deviations, medians, and ranges-were calculated. The estimates for each individual resulting from the two food-frequency interviews and the two 24-hour recalls were compared on correlation scattergrams, with the results from the first day on the x axis and those from the second day on the y axis. The same-day pairings of the results from the two instruments were similarly compared with each other, with the food-frequency estimates on the x axis and the 24-hour-recall estimates on the y axis. Pearson's product moment linear regression analyses were performed on the paired within-individual and inter-method data.
Two-by-two contingency tables for the correspondence of diagnostic classification were constructed relative to three assumptions of adequacy: (1) at 100% of the WHO recommended vitamin A intake [16] for adults (750 RE), (2) at 67% of the recommendation (500 RE), and (3) at 50% of the recommendation (375 RE). Figure 1 shows the intakes of vitamin A as estimated using the food-frequency instrument. The mean for the 33 estimates on the first occasion was 413 ± 446 RE, the median was 274 RE, and the range was 131,787 RE. For the second occasion these were respectively 480 ± 420 RE, 351 RE, and 38-1,748 RE. From the first assessment to the second, 17 individuals (52%) reported a greater than 10% increment of vitamin A intake, 12 (36%) reported a decrement of over 10%, and 4 (12%) remained within ± 10% of their original estimate. The maximum increase was seen in a subject whose estimated intake rose by 93% from one week to next.
Results
Within-individual test-retest reproducibility (precision)
Food-frequency estimates
The maximum decrease was a reduction of 78% over seven days. The correlation coefficient for the two frequency estimates was r = .49. On the basis of the results obtained in the first interview, it would have been possible to predict only 23% of the variation in the results of the second interview ( fig. 2) .
The two-by-two tables for the reproducibility of the diagnostic classification at the three assumptions of adequacy in relation to the 1967 WHO/FAO recommended levels [16] are shown in figure 3 for the first and second estimates using food frequency. Twenty six individuals (79%) were classified twice in the same category at the 750-RE cut-off criterion. Figure 4 shows the estimates of vitamin A intakes from the 24-hour recalls. The mean estimate for the 33 recalls on the first of two occasions was 507 ± 1,609 RE, with a median of 165 RE and a range of 11-9,376 RE. For the second occasion these were respectively 677 ± 1,794 RE, 240 RE, and 0-9,818 RE. Twenty subjects (61%) had an increment of 10% or greater, 12 (36%) had a decrement of 10% or greater, and 1 had a change within ± 10%. The maximum increase was 98% and the maximum decrease 100% at the second recall. Figure 5 shows the correlation of the first and second 24-hour results. The correlation coefficient was -.07. The value for the coefficient of determination, r²,, indicated that data obtained on one day's food consumption by the recall method have limited value in predicting the intake values on another day. With the two-by-two analysis for diagnostic classification at various levels of intake adequacy with 24-hour recall, 28 (85%) of the individuals were classified twice in the same category at the 750-RE cut-off; this fell progressively at the 500-RE and 375-RE cut-offs.
24-hour recall estimates
Inter-method correspondence
The individual relationship between the 24-hour recall and the food-frequency questionnaire for the same participant on the same day was evaluated as shown in figure 6 . The mean estimate of vitamin A intake from 66 of the 24-hour recalls was 592 ± 1,693 RE, compared to 450 ± 431 RE for the food frequency questionnaire. The respective medians of intake were 187 RE and 291 RE. In 25 (38%) of the 66 pairs of interviews, the 24-hourrecall value was higher than that derived from the foodfrequency method; it was over 10% higher in 24 pairs of interviews (36%). In one subject the 24-hour recall estimated a value 85% higher than that calculated from the corresponding food-frequency questionnaire on the first occasion.
FIG. 6. Estimates of vitamin A intake using the 24-hourrecall and food-frequency instruments (N = 33)
The food-frequency value was the higher of the two; in 39 women (59%) it was 10% or more higher than the corresponding 24-hour estimate. In one subject the estimated intake obtained using the food frequency method was 100% greater than that obtained using the 24-hour recall. The crude correlation coefficient for the correspondence of the two methods was .36 ( fig. 7 ), but this improved to .58 when the three major outlying data pairs were eliminated from the regression. On the basis of the results obtained by the food-frequency interviews, it would have been possible to predict 34% of the variation in the results of the 24-hour interviews with the optimized data set (eliminating outliers).
Discussion
As both of the methods used in this study involve recall of dietary intake and can be performed in a relatively short period of time, they represent practical options for field survey work. At the level of description of a population both approaches provide about equally accurate estimates. Madden et al. [4] , Gersovitz et al. [6] , and others have showed clear relationships between reported and weighed group mean values. Hankin et al. [17] found that group mean values do not vary significantly from day to day. Young et al. [5] compared a 24-hour recall with the average value from a sevenday dietary-intake record recorded by the subjects. They found that the group means given by the two methods were "interchangeable" if the number of subjects was greater than 50. Without having a true gold standard for dietary intake, we cannot address this issue with our data. It is comforting, however, that the median estimates derived from both techniques were fairly consistent.
It is at the individual level that the day-to-day variation in dietary intake reduces the representativeness of shortterm estimates of consumption. Much has been written about the need for several 24-hour-recall estimates to provide stable averages for individuals [8, 9, 11, 18] . Theoretically, food-frequency data for seven days would smooth out some of the peaks and valleys of each day's variation in intake. If the week during which the interview is conducted is representative of long-term intake, the average from a seven-day food-frequency interview should be more stable. Data sets based on observations covering several days will present less bias in the estimate of centiles, or of prevalences of high or low intake, than data sets based on a single day's observations [8] .
A partial test of this notion examined the degree of correspondence between the first and second weeks in our food-frequency test-retest reproducibility format. The correlation coefficient was of a high order (r = .48), statistically significant with 33 pairs of data, and suggestive of stability for the seven-day interval. However, the correlation between two 24-hour-recall estimates in the same individual is much lower (r = -.07) than for food frequency, which confirms the hierarchical nature of stabilities. Poor correspondence in the case of the 24-hour-recall method is not unexpected in view of the high day-to-day variation. Food intake data on a single day are of limited value in predicting the intake on another day [9, 11] . Adelson [19] interviewed 39 men, who provided records for two consecutive weeks, and concluded that the most substantial differences of nutritive content of food were in vitamin A and ascorbic acid. Anderson et al. [20] pointed out that three to seven days of observations would provide a reasonable picture of the distribution of usual intakes for many nutrients, but for some nutrients with large day-to-day variations, such as vitamin A, many more days of observation would be required before reliable estimates of the distributions could be obtained. It is one thing to reproduce with accuracy the same numerical value with the same survey instrument, and another to assign the same diagnostic classification in a system of binary assignment of adequate or inadequate. In terms of their ability to classify the same individuals twice in the same adequacy category, the two methods, frequency and recall, had a reasonable concordance at the 750-RE cut-off criterion. With the food-frequency interview 26 individuals (79%) were classified twice in the same category, and 28 (85%) with the 24-hour recall; but this fell progressively as sequentially lower cut-offs were applied. It was also our intention to determine how well the 24-hour recall corresponded to the simultaneous food-frequency estimate. The inter-method coefficient between the two instruments, adjusted to remove gross outliers, was .58, and the correspondence of diagnostic classification was 94% of the individuals classified twice in the same category at the 750-RE cut-off criterion.
The design of this study allowed us to evaluate the use of standard dietary survey instruments under real field conditions in the same individuals simultaneously. Even though we were dealing with the estimation of vitamin A intake, reputedly the single most difficult nutrient to estimate in a precise manner [9] [10] [11] [12] , the expected hierarchical relationships of stability were confirmed. Moreover, we were able to put quantitative numbers on the strength of the correspondence between the two methods for correlations and binary discrimination.
Given the moderate to poor test-retest reproducibility of the instruments in the same individual, the most important conclusions would be to avoid use of the 24hour recall, and to exercise caution in seeking to explore biological associations using the estimate of vitamin A from a single seven-day food-frequency questionnaire as the individual value [21] .
